In this paper we discuss a number of ways to define and measure the affordability of energy consumption, and we examine the emergence of fuel poverty in Italy in the period from 1998 to 2011. The paper examines the eligibility criteria for claiming the benefits available to support energy consumption for vulnerable families and it identifies the potential beneficiaries. The study assesses the appropriateness of the eligibility criteria by comparing the population targeted by the policy with the population actually living in fuel poverty. A simulation exercise, using the hypothetical scenario most likely to result in energy benefits being made available, shows that, regardless of the affordability index adopted, the provision of state energy benefits has little impact on fuel poverty.
Introduction
It is well-known that escalating energy prices have led to real and growing affordability problems for many utility customers even in advanced countries. These problems are likely to have been exacerbated by the recent financial crisis. There is also growing anxiety about the potential effect of policies aimed at countering climate change on the price consumers pay for energy and thus for most essential products.
As highlighted in the recent report by the Vulnerable Consumer Working Group of the EU Citizens' Energy Forum (November 2013, p.26) , many EU governments have implemented a range of different measures -ranging from specific government support to pay energy bills (i.e. social tariffs, benefits, discounts, delayed payments) to broader social security measures (i.e. general income and housing support) -in order to help low income households and other socially vulnerable groups. Consequently, the beneficiaries targeted by these measures and the results of these measures may vary considerably from country to country.
1 However, the relevant information needed to assess these interventions is rarely made available, making it difficult to investigate their effectiveness.
This study aims to provide some evidence about the Italian experience: using a number of different datasets and indices, it investigates the dynamics of electricity and gas affordability in the period between 1998 and 2011. The study then looks at the electricity and gas benefits scheme introduced in 2008 and designed to support low income households in Italy. We assess how accurately it targets the households in actual need and we evaluate the scheme's effectiveness.
The study begins by looking at the debate about the concepts of affordability and the statistical indices which are most typically used to assess fuel poverty. It is a lively debate; different approaches can produce quite different pictures of the situation 2 as documented in the Hills Report (2012) . The key point to make is that affordability criteria should ideally accommodate numerous elements, appropriately weighted. On the one hand, they should be sensitive to changes in supply side variables (i.e. changes 1 In Belgium 8.5% of all residential customers have benefited from social tariffs in gas and electricity in 2012; in Italy, beneficiaries included about 600,000 households; in France 1,083,000 and 313,000 consumers benefited from social tariffs for electricity and gas, respectively (see the Vulnerable Consumers Working Group Report, 2013). 2 On this point and as applied to the Italian experience, see e.g. Miniaci, Scarpa and Valbonesi (2008) . On the UK, see Waddams Price (2005) and Hancock,. Waddams Price (1998) , Gomez-Lobo, A. (1996). to energy prices, technology, conditions of service) and, on the other, they must take into consideration consumer needs and preferences. This seems to be particularly complex, given the heterogeneity of household living conditions (e.g. climate and type of housing), and composition (e.g. number of family members, presence or absence of children and/or the elderly and disabled).
On the basis of our discussion on the pros and cons of the different affordability criteria, we then look at the dynamics of the affordability issue in Italian electricity and gas markets for the period 1998 to 2011 using the annual Surveys on Family Budgets (SFB). As expected, the results depend to a large extent on which measures are used; in particular, on the way in which we define the threshold used to identify vulnerable customers. However, by any measure, fuel poverty in Italy seems to be on the increase since 2007, accompanied by a remarkable reduction in household spending capacity.
Finally we evaluate the potential effectiveness of the electricity and gas benefits scheme introduced in 2008 to support low income households. We first investigate the extent to which the existing rules accurately identify the households with the greatest energy affordability problems, and we assess whether the policy would have been effective in reducing fuel poverty if all eligible households had received the benefit.
Our analysis, based on data from the 2011 EU Survey on Income and Living Conditions (SILC), highlights that the eligibility rules have several limitations: about 12.5% of the households in absolute poverty do not meet the criteria. Only 43% of the households at risk of poverty and no more than 59% of those with affordability problems qualify for the benefits. The value of the benefits in 2011 was on average €68 for electricity and €92 for gas, corresponding respectively to 0.9% and 1.6% of the net income of the eligible households. If all those entitled had taken up the benefit, the total cost of the scheme would have been €409.9 million, equivalent to 0.026% of the GDP.
The amount of benefit available from the scheme and its failure to target households in need accurately means that even in the most favourable scenario the scheme has no significant impact on the incidence of fuel poverty, no matter what type of indicator is used to depict the phenomenon. The high number of potentially eligible households that do not apply for the benefit is a further limitation.
The rest of paper is organised as follows. In Section 2, we present different measures of affordability. In Section 3 the study investigates energy affordability in Italy for the period 1998 to 2011. In Section 4 we describe the Italian state electricity and gas benefits scheme; we consider the potential beneficiaries and we estimate the scheme's ability to tackle income and fuel poverty successfully. Policy implications and suggestions for future research are discussed in the Conclusions (Section 5).
Energy affordability indicators
The measures of affordability which are typically adopted are based on the incidence of energy spending as a share of total expenditure or income. Although we consider these indicators first, we prefer the use of indicators based on the notion of residual income.
Affordability indices based on energy spending as a budget share
The notion of sustainable or affordable energy consumption is based on the idea that it is undesirable for expenditure on these basic goods to exceed a critical threshold:
beyond this limit, households presumably struggle in covering the costs and consequently ad hoc policies would be recommended. 3 The general idea is that energy consumption is part of an essential basket of goods which every household should be able to afford in order to have a "normal" standard of living, characterised by normal heating conditions and normal use of household appliances. In practice, once policy makers have determined the level of the critical threshold, a household is considered to have an affordability issue for the consumption of electricity and gas if it exceeds that limit and such a household can then be said exhibit what the UK has labelled "fuel poverty" (see DEFRA (2001 and ). Accordingly such households should be considered as part of the target population for which the benefits scheme was designed.
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In this context, a headcount index (HI) is the percentage of consumers whose energy expenditure exceeds more than a given fraction of their income or total expenditure (i.e. the critical threshold). In most studies, this critical threshold has been fixed at between 5% and 10%, depending on the utility considered. 5 This way of measuring affordability does not incorporate any information about a desirable minimum amount of household 3 Some studies in economic literature have highlighted the idea that policy makers should consider essential levels of energy consumption -and more generally of public utility services -as a merit good and consequently address policies to support lower consumption (Hancock, 1993; Sadmo, 1983; Besley 1998) . 4 Important contributions to the measurement of poverty are provided by Atkinson, (1987) ; Callan and Nolan (1991); Foster, Greer and Thorbecke (1984); Sen (1976) . 5 See also Fankhauser and Tepic (2007) , Chaplin and Freeman (1999) , Hancock, K. E. (1993) consumption, either for utilities or other goods. For example, a policy based on such a critical threshold does not discriminate between a household with €100 expenditure on energy per month out of a total monthly expenditure of €1000, and another household with a monthly expenditure of €500 on utilities out of a monthly total expenditure of €5000. It follows that such a policy does not address, and may potentially exclude from the set of eligible households, impoverished consumers (i.e. those who do not have access to the service either because of limited supply or because of high fixed costs).
The way this critical threshold is derived is described as follows. Formally define ( h x ), the total observed expenditure for household (h), corresponding to the sum of the observed expenditure in utilities ( u h x ) and the actual expenditure in total ( c h x ). In the aforementioned approach, a household has problems of sustainability in its energy consumption if the ratio (
) is larger than a given threshold ( u r ). Considering any population, the extent of the sustainability problem is measured by the fraction of households for whom ( u h rr  ), i.e. HI:
where N is the total number of households and   u h rr  1 is an indicator function which equals 1 whenever the condition in parentheses holds, and 0 otherwise. The index HI in
[1] tells us the fraction of the households which spend more than a given "reasonable amount" (in proportion to available resources) for utilities. Notice that [1] does not incorporate any qualitative information relating to a minimum or desirable level of consumption, neither for the utilities nor for other goods and services.
In our view, such a concept of affordability cannot provide useful information on either the extent of the problem, or its depth. As for the former issue, it excludes from its definition of fuel poverty those households in absolute poverty that decide because of economic constraints to spend very little for these services. Moreover, this approach can label as "fuel poor" some relatively well-off households that are characterised by high energy consumption.
Affordability indices based on residual income
A different way of measuring affordability stems from the basic observation that energy is not the only item essential for a decent life, and that spending on energy can become problematic where it leaves a household insufficient income to consume other goods or services. As highlighted in Miniaci, Scarpa and Valbonesi (2008a) and (2008b) , the indices presented in 2.1 above completely neglect this point. The notion of "residual income" was first used to study problems of affordability in the field of housing economics where the problem is described as follows: "housing is not (Thalmann, 2003, p.294) . Adapting this definition for use in relation to energy consumption, we can say that there is a problem with energy affordability if the household does not have sufficient financial resources to fund a minimum level of consumption of other goods after paying bills for gas and electricity.
Note that this approach focuses on financial difficulties incurred as a result of the consumption of public utilities (Stone, 1993) . Another useful element of this approach is that it allows one to identify at least three types of households with affordability issues for which different types of interventions are suitable:
(i) Households unable to access the minimum amount of essential commodities and utilities: in this case, the problem of energy affordability can be alleviated by income support mechanisms which are not conditional on the actual level of consumption;
(ii) Households with limited income that over-consume: in this case, an appropriately targeted action should address the reason why this happens (preferences, technological constraints, inefficient equipment, etc.);
(iii) Households whose consumption is below the minimum standard due to monetary or non-monetary constraints (e.g. lack of access to gas or electricity networks): in this case, interventions should first be aimed at removing these constraints. The above indices do not take into account how much below the minimum consumption level a household has slipped and therefore these indices give no guidance on the level of subsidy needed to overcome the problem. This information is instead conveyed by the Poverty Gap Indexes (PGI). We define the average gap between the minimum standards and those for the residual income poor and the under-consumers as:
The Poverty Gap Indices are defined as:
[ 6] which combines indicators of the extensive and intensive margins relevance of the affordability problem.
With respect to the budget share approach, the residual income framework has the advantage of distinguishing between the different causes of fuel poverty (income poverty, over-consumption or under-consumption) and of being able to assess (through the poverty gap indices) the appropriate monetary transfer needed to support the households in need. Both aspects are crucial in the design of effective policies aimed at alleviating the problem of fuel poverty.
The affordability of electricity and gas expenditure in Italy, 1998-2011
In this section we apply the affordability measures outlined in the previous section to the consumption of electricity and gas in Italy; to this end, we need to follow two preliminary steps:
(i) Define the threshold ( We set the values for the minimum quantity of gas and electricity as equal to those included in the definition of the official Italian poverty line, 6 and the corresponding component is used for the sum of the other goods; these amounts are estimated for each household sampled by the ISTAT Survey of Household Budgets from 1998 to 2011. For the purposes of this paper, we consider the minimum expenditure for gas to coincide with the heating and cooking component of the poverty line, which can be seen as an average of the minimum of such costs regardless of the fuel type. (ii) A "positive" approach, that looks at the balance sheets of households with low purchasing power and defines the maximum sustainable threshold ( u r ) as the median value of the share of energy expenditure for the households in a state of relative poverty (that is, for a two person household, households whose expenditure is less than the average per capita expenditure). This threshold is computed conditional on household size and geographical area and varies over time due to changes in relative prices and household consumption decisions.
(iii)The standard approach that sets a threshold equal for all types of households which at least apparently yields more interpretable results. Much of the literature sets the threshold at 10 % for gas (including heating) and 5% for electricity (e.g. Fankhauser and Tepic, 2007) .
TABLE 2 -about here Table 2 allows us to appreciate the difference between the alternative approaches described above. The table shows the thresholds computed according to the above criterion (1) on the left and (2) on the right, for the year 2011. For electricity, the thresholds set by criterion (1) are about half of those set according to the second approach, while the differences are narrower in the case of gas. In all cases, the standard thresholds of 10% for gas and 5% for electricity are much higher than those identified by the criteria (1) and (2), and therefore their use classifies fewer household as "fuel poor". Table 3 provides an initial insight into the relevance of electricity and gas affordability in Italy, where the concept of sustainability refers to the incidence of actual expenditure for these utilities in household budgets. For each year, the table shows the average thresholds and the estimates of the headcount index for electricity and gas (referring only to those households actually connected to the natural gas network). The Consider now the measures related to the residual income approach shown in Table   4 . In this case we account for the sum of the costs of electricity and gas accurately, taking into consideration whether or not the household uses natural gas. The first column shows the fraction of households classified as being in absolute poverty, that is, those whose expenditure falls below the absolute poverty line. Due to data accessibility, The high percentage of under-users is a consequence of the relative "generosity" of the minimum reference expenditure for gas, defined as the heating expenditure component of the poverty line and nearly equal to the observed median expenditure for heating. The combination of residual income poor and under-users, column (C), leads to an estimate of about 30% of households with affordability problems. As expected, the majority of these households are not poor in the absolute sense. The last two columns of Table 4 present the percentage of residual income poor and under-users who are not absolutely poor. The first group of households varies between 0.5% and 0.7% until 2007, with a recent increase to more than 0.9%. Overall, at least 85% of the residual income poor households are actually absolutely poor, that is unable to afford the minimum standards of consumption either of energy or of other goods. On the other hand, less than 10% of the under-consumers are also poor in absolute terms. In conclusion, the worsening of the affordability indicators during the last few years is mainly driven by the general deterioration of the absolute poverty indicator over time.
So far, we have only looked at headcount indices, which simply count the number of households "with affordability problems". In the case of the residual income approach it is particularly informative to study the depth of the phenomenon among these households. Indeed, in this framework the average deviation from minimum standard expenditure is an exact measure of the average money transfer required to ensure that residual income poor households can continue to consume the current amounts of electricity and gas and at the same time be able to afford the subsistence basket of other goods; for the under-consumers , it is the index that identifies the transfer that would allow them to consume the minimum amount of electricity and gas, leaving their current spending on other goods unchanged. GI respectively) are reported in Table 5 . Our estimates show that not only is energy less affordable for more Italian households today than in the past (see Table 4 ), but also that households are affected by this issue in an increasingly serious way. In fact, for the residual income poor households, the amount which they would need to finance the sufficient consumption of other items has increased from €128 per month in 1998 to €200 per month in 2011 (+56%) -compared to an inflation of 36.6% in the same period. For the under-users, however, the distance from the threshold has remained unchanged in real terms.
Electricity and gas-related benefits in Italy
The state policy regarding benefits payable for electricity and gas consumption in ii) large households; and in case of electricity;
iii) households which include a disabled, or a critically ill person.
The program is funded through specific components in transmission or distribution, 9 paid by all consumers.
The income eligibility criteria for electricity and gas benefits are the same; 10 and in both cases the spending ability of the family is tested by using a synthetic indicator called ISEE (the acronym for "Indicatore di Situazione Economica Equivalente", that is, the Equivalent Economic Conditions Indicator). The indicator combines information about three elements: income, real and financial assets, and the composition of the household. To be eligible, the household's equivalent income indicator must not exceed €7,500 unless the family includes more than three dependents, in which case the threshold is increased to €20,000.
Given that the benefits are paid in the form of discounts on electricity and gas bills, a necessary eligibility condition is that the household must be a domestic customer in its primary residence. In the case of electricity, some limits to the installed power must be met (3 kW for up to four household members, 4.5 kW if more), unless the household includes a person who needs essential electro-medical appliances. In the case of gas, the 9 These components are the so called "AS" in the transmission and distribution tariff (TIT), and "AG" component in the gas distribution tariff (RTDG).
10
For detailed information about the benefit design, see http://www.autorita.energia.it/it/bonus_sociale.htm benefit is given to eligible households in the form of discounts in bills for domestic customers having an individual contract, and with a bank transfer for customers having a condominium contract (usually due to the presence of centralised heating).
All domestic customers meeting the above criteria can apply for the benefits by filing a form with the municipality where they reside. Given that the eligibility criteria are independent of the actual consumption levels, the ubiquity of the power grid guarantees that all the Italian households meeting the above income requisites are potential beneficiaries of the electricity bonus. The availability of the gas benefit is instead limited by the fact that natural gas is not available everywhere. In particular, many mountainous areas and the entire Sardinia region are not served by the gas distribution grid. In practice this makes the pool of eligible households for the gas benefit a subset of the households eligible for the electricity bonus.
The electricity bonus depends on a number of components and it is independent of actual consumption, with the exception of the presence of electro-medical appliances, where it is calculated on the ground of the electricity usage intensity. For gas, the discount is proportional to the family size and depends on the classification of the municipality according to its typical winter temperature and the declared use (hot water and cooking and/or heating, see Appendix B).
Assessing the appropriateness of the eligibility criteria
All the affordability indicators discussed in previous sections refer to actual and/or standard expenditure in order to identify households in need. The eligibility criteria used to determine electricity and gas benefits in Italy are instead independent of actual household consumption. The fundamental criteria are to be a domestic costumer and to have an equivalent income indicator below a given threshold. In order to assess to what extent the eligibility criteria for the electricity and gas benefits are able to identify those households facing affordability problems, we have made use of data from the Eurostat -ISTAT "Survey on Income and Living Conditions" (EU-SILC) to classify the households according to different energy poverty criteria which we then compare with their eligibility status.
We ran this exercise using data from the 2011 EU-SILC survey because this is the first year for which it is possible to compute taxable household income, crucial information when computing the equivalent income indicator (ISEE) for every family participating in the survey. Unfortunately, the data do not reliably identify the households which might be beneficiaries of the electricity benefits for health reasons; therefore, we focused exclusively on the households eligible for electricity benefits for economic hardship. These constitute the vast majority of benefit recipients (see Appendix C for details). Some approximation is also necessary for gas. In fact with the EU-SILC data we can determine whether the household uses gas for cooking and/or heating, but the EU-SILC questionnaire does not distinguish between natural gas and other kinds of gas, thereby leading to an overestimate of the pool of eligible customers.
Moreover, we cannot observe the cost of gas included in general condominium expenses (see Appendix C for details).
We first use the survey data to provide a brief description of the distribution of income, the incidence of poverty income, and the eligibility status for the electricity and gas benefits. We compare these figures with those of the indicators for the electricity and gas. Although we maintain the alternative definitions of affordability illustrated in the previous sections, their implementation is slightly different with the new data, the main difference being that we apply the affordability measures to disposable income rather than to total expenditure.
TABLE 6 -about here
The adult equivalent income is estimated at an average of €33,567 in 2011, its distribution is such that 5.3% of the households are in the state of absolute income poverty and 19.5% are at risk of poverty 11 (see Table 6 ). In this scenario, the electricity benefits provide support to potentially 11.5% of households (about 2.9 million families); 9.2% of the households (2.3 million) qualify for the gas benefit. Depending on which strategy is adopted to set the critical threshold for the budget shares, the percentage of households in difficulty ranges from between 6.1% to 38.3% for electricity and from between 2.6% to 17.6% for gas. Resorting to the residual income approach, 5.6% of households do not have sufficient resources left after having paid 11 The adult equivalent income is defined as household income net of taxes and contribution to the social security system, including imputed rents and social transfers, divided by the Carbonaro's equivalence scale that is used for the definition of the absolute poverty line. The households at risk of poverty are defined by Eurostat as those households whose adult equivalent income is less than 60% of median adult equivalent income. electricity and gas bills, while 26.73% families have energy expenditure below the minimum standards. The statistics vary considerably between different types of families. The incidence of income and fuel poverty is higher among households with children, dramatically higher in the case of single parents. The percentage of households covered by the benefits (which are means-tested) tends to be higher among households with higher poverty rates. It is not therefore surprising that the coverage rate for the southern regions is more than three times the coverage rate for the richer northern regions, and that the percentage of eligible families in rural regions is higher than the corresponding percentage in more densely populated areas. Table 6 provides some information about the relationship between household housing conditions, their incomes, eligibility status and relative fuel poverty. In fact, quality of accommodation may play a crucial role in determining the financial costs of energy, and therefore its affordability. It turns out that householders who own their homes are less likely to face an affordability problem, to be income poor or to be eligible for the benefits. This is partly due to the fact that home-owners are richer than tenants, but it is also the case that rented houses are typically of lower quality in comparison with owner-occupied houses. Table 6 shows that where accommodation is poorly maintained (e.g. leaking roofs, broken windows, dampness or poor insulation) the likelihood of falling into fuel poverty is higher.
Finally, we investigate whether households that declare difficulties in coping with regular mortgage payments, rent and utility bills are classified as poor and are supported by the electricity and gas benefits. The percentage of the absolutely poor among the households with arrears (for economic reasons) on mortgage or rent payments is above 25% and affordability problems are widespread. To a lesser extent, the incidence of income and fuel poverty is also higher among households with arrears (for economic reasons) on utility bills.
We might expect that households with arrears would be covered by the electricity and gas benefits system, but this is not so. Within this group, the percentage of eligible households is three times the average, but nevertheless more than 70% of families declaring difficulties in paying bills are not eligible for the system. Even taking into account the households who see themselves in financial difficulty, either because they consider their housing costs to be almost unbearable, or because their savings are insufficient to face unexpected expenses of about €800 or because they struggle to make ends meet, there is a wide gap between the number of households who see themselves in need and the number of households potentially eligible for support.
Although perceived financial difficulties may be relevant per se, we prefer to rely on objective indicators. We therefore studied the percentage of eligible households among the income poor families, and also among the families facing difficulties according to the alternative approaches such as measures based on residual income. The stated aim of the electricity and gas benefits scheme is to support low income households, but the eligibility criteria do not ensure that all the targeted families qualify for the benefits. In particular, Table 7 shows that:
-about 12.5% of the households are absolutely poor, i.e. 170,000 families are not eligible for these benefits;
-only 43% of the households at risk of poverty qualify for the benefits, that is, 2.8 million households at risk of poverty are not supported by the policy.
Our estimates also make it clear that the eligibility criteria are particularly inadequate in addressing households that are poor but have no children, and also poor households outside the South.
More than 40% of the households facing difficulties because their electricity and/or gas bills amount to more than 5% (10%) of their net income are not entitled to the benefits; the coverage rate is higher (75%) if we refer to households with gas affordability problems according to the positive budget share approach. The percentage of potential beneficiaries of the scheme among residual income poor households is about 87%, while on average only about 10% of under-users are eligible. The fraction of households in difficulty that are supported by the scheme varies greatly between types of families and geographical areas, with families with children and families living in the South being most likely to be eligible.
The fact that the eligibility criteria exclude a significant portion of households in need is due to a combination of factors:
(i) the Equivalent Economic Conditions Indicator (ISEE) used to assess the financial resources of the households refers to a definition of income that differs from that considered by the standard poverty indicators. In fact, the ISEE considers gross household income together with an estimate of the income produced by real estate properties and financial wealth, while the poverty statistics refer to net household income including imputed rents due to primary residence ownership and social transfers;
(ii) the ISEE indicator is based on an equivalence scale that is slightly different from that used for poverty definition. In particular, the equivalence scale used in the ISEE indicator overweighs the presence of disabled individuals, single parents and couples with children where both partners are employed (see Appendix C), while the equivalence scale used for the poverty indicators considers only the size of the household and the age of its members;
(iii) in order to be eligible, the household's ISEE value is compared to €7,500 euro (or €20,000 euro if there are more than three dependent children), regardless of its region of residence; the components of the absolute poverty line are instead regionspecific, which allows it to consider regional variations in prices, housing markets and heating needs.
(iv) the eligibility criteria do not depend on the household's actual energy consumption; the scheme, by its design, is not well suited to deliver benefits to those consumers facing difficulties despite the fact that their spending ability is above the subsistence level.
Assessing the potential effectiveness of the electricity and gas benefits scheme in combating fuel poverty
We now investigate the extent to which the electricity and gas benefits scheme actually alleviates the affordability problems related to energy consumption in low income households. Unfortunately there are no publicly available data on the recipients of the benefits so that we cannot rely on standard econometric procedures to assess the effectiveness of the scheme. We circumvented this lack of ad hoc data by assuming that all eligible households actually receive the benefits and compare this outcome with a situation in which no such scheme existed. More specifically, we first made use of the EU-SILC 2011 data to identify eligible households (as in the previous subsection). We then used the eligibility rules to determine the appropriate level of benefits for each family (see Appendix B). Finally we compared the income and fuel poverty indicators with and without the benefits. By doing so we were able to estimate the maximum potential effect that the policy has in terms of combating fuel poverty, given the actual features of the households and the distribution of income and energy expenditure.
The value of the benefits depends on household size and, in the case of gas, on the climatic conditions of the area of residence. In 2011, the benefits for electricity ranged from €56 euro for a single or two-person household to €124 euro per year for a family with at least five members. The gas benefit varied between €70 for a household in the warmest areas of the country with at most four members to €264 for larger households in the coldest regions. According to our estimates, the average amount of the discount and its related tax advantage was €75.4 for electricity and €135.2 for gas. The impact of these benefits on household budgets is limited: for the low income households who are the potential beneficiaries of the policy, the electricity benefit is on average equivalent to 0.9% of their net income, while the gas benefit amount is equivalent to 1.6% of net income. The resources required to combat residual income poverty, for example, are much larger: in Table 5 we estimate the average deviation from the minimum standard for the residual income poor to be equal to €200 euro per month in 2011. To include cross-national comparisons, we note that the Winter Fuel Payment scheme in the UK paid £400 to pensioners over 80 in 2011; we note that this subsidy could be added to advantages coming from the Warm Home discount scheme and from other measures used in UK fuel poverty policy (Hills, 2012) . Table 8 summarises what would happen if all entitled households took advantage of the scheme. In the first column we present the fraction of households not eligible for the benefits who are in income or fuel poverty according to the different criteria adopted. In this exercise we took advantage of the fact that the eligibility rules are constant across all sectors. Therefore if gas users qualify, we consider the sum of the two benefits, and we report a unique set of affordability indicators for gas and electricity. The second column similarly shows the same values for the eligible households where they did not take up the benefits.
All our statistics confirm that these families are more vulnerable than households that are not eligible. After the payment of benefits, the situation improves only marginally with respect to income poverty (the third and fourth columns). Among the recipients, absolute poverty decreases by 0.9 percentage points, from 40.7% to 39.8%; this means that only 2.2% of the recipients who are absolutely poor are enabled to exit from poverty status thanks to the electricity and gas benefits scheme. A similar exit rate is estimated from the "at risk of poverty" status, and the same rate is even lower if we focus on the residual income poor. Adding the small effect that benefits have on recipient welfare to the fact that the eligibility criteria leave many poor households without support (see Table 7 ), the result is that the overall potential effect of the policy on the poverty indicators is negligible (see last column of Table 8 ).
Even though the targeting of the scheme does not take into account actual expenditure for electricity and gas, the somewhat paradoxical result is that the main effect of the benefits scheme is to improve the affordability indicators based on the budget share approach. In fact comparing the affordability indices for the eligible households before and after the payment of the bonuses (columns 2 and 3 of Table 8) we can compute that about 16% of the recipients may solve their difficulties by taking advantage of the fuel discounts. The reduction of the headcount indices for the entire population is much smaller due to the limited coverage provided by the eligibility criteria: considering the combined threshold of 5% for electricity and 10% for gas, the payment of the benefits reduces the headcount index from 4.2% to 3.7%.
Conclusions
There is a lively debate about which measures are better able to describe the affordability of energy consumption. In this paper we have presented the pros and cons of some of these measures and, by making use of available statistical datasets, we show that alternative indices may represent the situation in very different ways, both in terms of the number of the households in need and in terms of time dynamics. Despite this variability, the different measures agree in indicating that energy consumption has become less affordable since the start of the financial crisis in 2007.
In 2008, the Italian government introduced a scheme aimed at supporting the energy consumption of vulnerable households. The Italian scheme unlike schemes for general income support as adopted in the UK's fuel poverty strategy (Hills, 2012) and unlike direct subsidies for investments to increase home efficiency as widely-used in Sweden (Mahapatra et al. 2011) , consists of a lump-sum contribution for vulnerable consumers, similar to schemes already adopted in France (Dubois, 2012) .
Given the eligibility criteria, which are related to indicators of consumer purchasing power, we estimate that in 2011 the percentage of Italian households which qualified for the benefits was about 11.5% for the electricity benefit and 9.2% for the gas benefit.
The coverage of the benefits varied significantly across different types of households and different regions. We estimate that in 2011 the average benefits received were €68
for electricity and €92 for gas.
The policy therefore provides a limited benefit to a potentially large number of beneficiaries. The eligibility of a household is determined by its taxable income, financial and real wealth, labour force participation and demographic composition. It is independent of the actual spending on energy, housing conditions and the cost of living experienced by the family. This undermines the ability of the benefits scheme to effectively target households in need. At the same time some of the funds are disbursed to families that can hardly be considered vulnerable. Our simulation shows that even in the most favourable scenario, the implementation of the policy leaves the poverty and affordability indices basically unaltered.
Our analysis suggests that the effectiveness of the Italian energy benefits scheme could be improved by heavily revising the eligibility criteria. In particular, it is necessary to recognise that the cost of living differs widely across the country, and that therefore the material conditions of households falling below the national €7.500 threshold of equivalent income but living in different areas of the country can be remarkably different. Price heterogeneity is duly taken into account by the poverty and affordability indices, but not by the administrative rule applied to grant access to the benefits. In our opinion, household spending ability should instead be compared to an area-specific threshold whose level should depend on the local cost of living.
The discounts are enjoyed by all low income households who have an electricity and/or natural gas supply, regardless of the quantities consumed. The decision to use a discount instead of a cash transfer excludes from the pool of eligible households those families who have been disconnected because of arrears as well as vulnerable consumers who live in areas with no access to the natural gas grid. This result is somewhat paradoxical if the goal of the scheme is to finance the consumption of energy as a "merit good". In this respect, means-tested cash transfers can be a more effective way to support households in need, ensuring a wider coverage rate of the target population, without necessarily increasing current (substantial) administrative costs.
ISTAT (2009) Table 3 : Affordability measures based on the budget share approach.
Average threshold ratios for normative and positive approaches and headcount indices (HI) for electricity and gas. Threshold and HI for gas refer to gas users only. Table 6 : Average income, fraction of income poor, eligible households, and households with affordability problems.
Statistics for gas affordability with the budget share approach refer to gas users only. Adult equivalent income (euro per year): household income net of taxes and contribution to the social security system, including imputed rents, divided by the equivalence scale used for the definition of the absolute poverty line. Poor: households whose adult equivalent income is below the absolute poverty line. At risk of poverty: households whose adult equivalent income is lower than 60% of median adult equivalent income Poor: households whose adult equivalent income is below the absolute poverty line. At risk of poverty: households whose adult equivalent income is lower than 60% of median adult equivalent income. Statistics for gas affordability and eligibility of gas benefits refer to gas users only. Gas and electricity bonuses have the same eligibility criteria, thus the fraction of gas users eligible for the electricity discount coincides with the fraction of gas users eligible for the gas discount. Poor: households whose adult equivalent income is below the absolute poverty line. At risk of poverty: households whose adult equivalent income is lower than 60% of median adult equivalent income. Statistics for gas affordability and eligibility of gas benefits refer to gas users only. Gas and electricity bonuses have the same eligibility criteria, thus the fraction of gas users eligible for the electricity discount coincides with the fraction of gas users eligible for the gas discount. Poor: households whose adult equivalent income is below the absolute poverty line. At risk of poverty: households whose adult equivalent income is lower than 60% of median adult equivalent income. Statistics for gas affordability and eligibility of gas benefits refer to gas users only. Gas and electricity bonuses shares the same eligibility criteria, thus the fraction of gas users eligible for the electricity discount coincides with the fraction of gas users eligible for the gas discount. In order to implement the residual income approach to affordability measurement, it is necessary to set the minimum reference quantities ( up q ) for gas and electricity and ( cp q ) for the other goods and services consumed. To maintain consistency with the definition of absolute income poverty, these quantities should coincide with those determining the absolute poverty line. We thus refer to the components of the Italian absolute poverty line as documented by the Italian Central Statistical Institute (ISTAT, 2009). The procedure allows us to identify the minimum spending level for electricity, heating and cooking necessary to achieve an acceptable standard of living. The definition of the official poverty line does not make any distinction between households using different fuels for heating and cooking. For the purposes of this paper, we consider the minimum expenditure for gas to coincide with the heating and cooking component of the poverty line, which can be seen as an average of the minimum of such costs regardless of the fuel type. For electricity, ISTAT considers basic needs to include spending on lighting, a television, a washing machine and a fridge; the basic heating costs also include spending for the use of gas for cooking and hot water. Having determined the set of electric appliances, electricity consumption has been estimated by the Authority for Electricity and Gas for different household sizes and priced at the rates in effect in January and October 2005. As for heating expenditure, its value has been inferred using a linear regression model estimated on households living in houses with an independent heating system (therefore excluding households with central heating systems), accounting for the size of the (standard) dwelling, the region of residence and the age of the household members. We use the parameters published by ISTAT in the Survey on Household Budgets (ICF) to compute the minimum household expenditure for electricity and heating at 2005 prices. The current price values are obtained for electricity expenditure using the national price index; for heating we refer to the national aggregate price index which includes electricity, gas and other fuels because ISTAT's regression model does not distinguish between different fuel types.
Fraction of eligible households for electricity benefits

Fraction of eligible households for gas benefits
In a similar way, we reconstruct the minimum expenditure for the other consumption items (goods and services) that make up the total bundle of the absolute poverty line. Wherever possible we use regional price indices to update 2005 values to current prices.
Unfortunately, the ICF public use data file does not contain detailed information on the date of birth of the household members, nor the size of the urban area of residence. Therefore, it is not possible to perfectly replicate the official poverty line for each household. Nevertheless, a comparison between the statistics we produce and the official poverty indices shows that the deviations are marginal. A further deviation from official estimates occurs when updating the values to the current price levels because we can only use published price indices, while official statistics refer to (unpublished) locally disaggregated price indices.
Appendix C: Using the Survey on Income and Living Conditions (EU-SILC 2011) to compute the ISEE income indicators
The Survey on Income and Living Conditions EU-SILC 2011 allows us to estimate the gross taxable income for each household interviewed, a necessary ingredient in computing the ISEE income indicator. This information, together with other data on real estate, financial assets and demographics allows us to compute the indicator for a representative sample of Italian households, regardless of their choice to submit an ISEE form to the administration for whatever reason.
There are two main differences between the households covered by the EU-SILC survey data and those included in the database managed by the Social Security Institute (INPS) which collects all the ISEE forms submitted. First, EU-SILC provides data on a random representative sample of Italian households (about 19,000) while INPS data refer only to households who actually submitted an ISEE form. Households have no incentive to complete the form if they do not expect to meet the eligibility criteria for the benefits or services they are interested in or if they are unaware of the existence of such eligibility criteria. The households included in the INPS database are therefore self-selected, with low income households being over-represented with respect to the total population. A second difference is due to the fact that the EU-SILC sampling scheme excludes all individuals living in institutions, such as hospitals and nursing homes. These individuals are however included in the administrative databases. This omission is not a major concern for our study because institutionalised individuals are not usually nominees of an electricity or gas contract. 
Household taxable income
The ISEE indicator defines taxable household income as the sum of: (i) gross employment income (net of social security contributions); (ii) gross self-employment income (net of social security contributions); (iii) gross pension income, excluding the basic social security benefits, and all the benefits related to blindness, deafness, work related disability or other disabilities; (iv) gross income from unemployment benefits; (v) gross income from real estate properties, net of mortgage interest.
Actual rent to be deducted from household taxable income
Tenant households can deduct from their taxable income the rent paid for their main residence if their tenancy contract is officially registered, up to an annual maximum of €5,164. The EU-SILC survey records the rent value, the type of contract, and the type of landlord but not whether the contract is registered or not. In Italy, some tenancy agreements are informal; thus we need to make some assumptions on deciding whether or not tenants are entitled to deduct their annual rent. As the registration of the contract is necessary for the owner to take advantage of certain tax concessions, we assume that the tenancy contract will be registered if it is the type that grants the lessor fiscal advantages (e.g. long term "4+4"-year contracts, locally agreed tenancy rate contracts or standard contracts) or if the lessor is not a private individual. Looked at in this way, 95% of the tenant households in the sample can enjoy the deduction of the annual rent from their taxable income.
Real estate properties and financial asset value assessment
The ISEE indicator combines information on household income as well as data on household wealth. More specifically, the ISEE indicator is the combination of an income indicator (ISE, based on the household taxable income as discussed above) and a wealth indicator (ISP). To compute the ISP indicator it is necessary to estimate the cadastral values of the properties of all the household members. To this aim, we follow two different strategies according to the types of properties:
(i) Main residence: the EU-SILC survey does not disclose either the cadastral or the market value of the main residence of the household, but it does ask homeowners to self-assess an imputed rent for their home. By using this figure, we can estimate the market value of the house assuming that the gross yearly rate of return for the residential property is equal to 3%, and we further assume that the cadastral value is a third of the market value. The one third ratio is determined on the basis of common practice adopted by real estate market operators.
(ii) Other properties: the EU-SILC survey records the amount of local property tax paid in the previous year for all the properties expect the main residence. The questionnaire does not ask households to provide any details about the nature of these real estate assets. We estimate the cadastral value of these properties assuming that the municipal specific tax rates on these properties are on average equal to 0.5%, which was the standard tax rate applied to properties other than main residences.
The ISP indicator considers the cadastral value of the primary residence net of the outstanding mortgage. In this respect, the EU-SILC survey discloses the initial value of the debt, the year in which the mortgage has been underwritten, and its duration. We compute the outstanding debt assuming a constant annual reimbursement rate.
Finally, the ISEE form requires households to declare the total amount of their financial assets. This amount is estimated from the EU-SILC data by summing up the answers of all household members to the following question asked during the interview: "What was the total value of all your savings at the end of 2010?"
Equivalence scale
In order to compare the economic conditions of households of different sizes and composition, the combination of the ISE income indicator and the ISP wealth indicator (ISP) is weighted by an equivalence scale determined by: (i) the number of household members; (ii) the number of disabled people in the household (individuals are considered to be disabled only if they are in receipt of a disability related benefit); (iii) the number of cohabitating children either of the household reference person or his/her partner; (iv) the number of cohabitating children whose annual gross income is less than €2.840 whose parents are the head of the household or his/her partner; (v) the presence of a single parent household with children; (vi) the presence of children both of whose parents were employed for at least six months and where they were the household reference person and his/her partner (independent of their marriage status).
